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The genomes of two woolly mammoths have been sequenced. One of the last survivors had reduced genetic
diversity. Although divergent in their mitochondrial genomes, the mammoths had similar nuclear genomes,
a finding germane to elephant conservation.The Pillars of Hercules closed near the
end of the Miocene Epoch, leading to
desiccation of the Mediterranean and
to drier African climates. This led to the
appearance of four new elephantid
lineages within Africa some 5–6 million
years ago [1]. Descendants of two of
the lineages, the savanna elephant
(Loxodonta africana) and the forest
elephant (L. cyclotis), survive in Africa
to this day. The other two lineages,
mammoths and the ancestors of their
closest living relative the Asian elephant
(Elephas maximus) [2], evolved initially
in Africa but then migrated to Eurasia.
Eventually, the iconic woolly mammoth
(Mammuthus primigenius) would
establish a circumpolar distribution during
the ice ages. Woolly mammoths were
thought to have gone extinct 11,000 years
ago at the end of the last glacial period [3].
However, a trove of mammoth fossils
collected on Wrangel Island (Figure 1),
which had been connected to the Siberian
mainland during the last glacial period,
included specimens dated to just
4000 years ago [3]. Stranded on Wrangel
by rising sea levels as the ice sheets
melted, this population was holding on
even as the pyramids at Giza were being
built [3]. Recently, molecular studies of
woolly mammoth mitochondrial DNA
(mtDNA) revealed two highly divergent
clades [1,4–7]: clade II mammoths had a
limited distribution within Eurasia and had
gone extinct more than 30,000 years ago,
while clade I woolly mammoths were the
final mammoths to disappear from the
mainland and fromWrangel Island [1,4–8].
The clades were separated by 1.5 million
years [1,4–7], leading to speculation that
woolly mammoths may have comprised
two species. In a recent issue of Current
Biology, Palkopoulou et al. [9] report the
analysis of the genomes of two woolly
mammoths. One of the mammoths wasCa male clade II specimen from mainland
Siberia, which lived some 44,800 years
ago. The other was a male clade I
mammoth, one of the last survivors on
Wrangel Island (Figure 1). A comparison
of their nuclear genomes revealed that
both mammoths were genetically quite
similar [9], refuting the notion that clade I
and II woolly mammoths may have
comprised distinct species.
The mammoth genomes were scanned
using the Pairwise Sequential Markovian
Coalescent (PSMC) method [10], which
determines the lengths of genomic
regions with similar degrees of
heterozygosity. The degree of
heterozygosity is used to infer Ne,
the effective population size, which is
the census size adjusted to reflect the
proportion of individuals contributing
genes to the next generation, and is
typically reduced by high variance in
reproductive success and other factors
that diminish genetic diversity. A high
degree of heterozygosity reflects a large
effective population size, as only a large
population can carry a great deal of
genetic diversity. By contrast, low
heterozygosity is an indication of small
effective population size, as small
populations will quickly lose much of
their diversity. PSMC also examines
the lengths of the genomic regions of
similar heterozygosity. Longer regions
are an indication of recent events,
as insufficient time has passed for
recombination to shuffle genomic
segments across chromosomes.
Shorter regions represent older events,
because over time recombination
tends to break down the lengths of
genomic blocks. From a single genome,
the history of a population across
hundreds of thousands of years can be
derived by using the lengths of genomic
segments to calculate the age ofurrent Biology 25, R549–R568, June 29, 2015 ªancestral events, and by using
heterozygosity within the segments to
calculate Ne.
PSMC analysis of the Wrangel
mammoth genome detected an expected
drastic reduction inNe about 12,000 years
ago, when the Wrangel population
separated from the much larger mainland
population [9]. Remarkably, PSMC
analyses of both genomes derived similar
population histories for mammoths for
the time period before 50,000 years ago
[9]. Even after his ancestors had been
stranded on an island for thousands of
years, the Wrangel mammoth retained
genomic signals of more ancient
events. Both mammoth genomes
indicated that a low point in effective
population size had occurred some
285,000 years ago [9]. One would have
expected mammoth populations to have
declined 116–130 thousand years ago,
during the Eemian, the warm interglacial
period prior to the last ice age [7,11]. The
unexpectedly earlier nadir in mammoth
population size thus represents
something of a mystery.
As might be expected in a small
population isolated for thousands of
years, the Wrangel Island mammoth
genome also showed signatures of
inbreeding and reduced genetic diversity
[9], which can lower overall fitness. About
one quarter of the Wrangel mammoth
genome consisted of long extended
regions of homozygosity [9], genomic
deserts in which heterozygous sites are
largely absent, indicative of inbreeding.
However, the inbreeding on Wrangel was
not between close relatives as the regions
of homozygosity were too short to
suggest that. Instead, generations of
matings by distant cousins are consistent
with observed patterns [9]. One may
wonder whether the Wrangel mammoths,
stranded as a small population, might2015 Elsevier Ltd All rights reserved R549
Figure 1. Island survivor.
A woolly mammoth tusk on the banks of the Bolshaya Balakhnaya River on Wrangel Island, Siberia. (Photo: Love Dale´n.)
Current Biology
Dispatcheshave found a way to avoid inbreeding
between the most closely related
individuals?
Another mystery concerns the effective
population size that was inferred for
Wrangel Island using information gleaned
from the Wrangel mammoth genome. If
male–male competition among
mammoths was as intense as it is among
male African savanna elephants [2], the
effective population size estimated for
Wrangel mammoths should have been
just a fraction of the census size. Instead,
effective population size for Wrangel
mammoths was estimated as 218–823,
about the same as the Island’s estimated
carrying capacity of 149–819 mammoths
[12]. A more moderate degree of
male–male competition on Wrangel
Island would have increased effective
population size, slowing the progression
of inbreeding, genetic drift and loss of
heterozygosity among the Wrangel
mammoths.
Reduced heterozygosity is exactly what
would be expected in a small population
stranded on an island, and there is no
evidence that reduced genetic diversity
contributed to the ultimate extinction of the
Wrangel mammoths. Nonetheless, the
Wrangel mammoths provide a unique
resource frozen in time for the study of
island evolution. Fossil specimens can be
used to track the genomic diversity and
genomic composition of the WrangelR550 Current Biology 25, R549–R568, June 2mammoths from the time they became
isolated until their final extinction [12,13].
Was there an initial drop in Wrangel
mammoth genetic diversity, followed by a
long period of relative stability, as some
evidence suggests [12,13]? Or did the
nuclear genome undergo continuous
erosion?Andwas thereasuddendecline in
diversity immediately before themammoth
went extinct? The more stable the genetic
diversity of the Wrangel population over
time, the more likely that their extinction
was due to factors other than the loss of
genetic diversity. Indeed, the last known
mammoth and the first signs of human
habitationonWrangel Islandare separated
by suspiciously few centuries [3].
What caused, within a single woolly
mammoth species, the deep split into two
mtDNA clades reflected between the two
sequenced specimens? Male-biased
dispersal is common across elephants, in
which females but not males remain with
their natal herd [14]. As mtDNA is
transmitted only by females, this can
cause mtDNA to form deeply divergent
lineages with odd geographic patterns
that differ from those of all other
genetic markers which are dispersed
by males [15–17]. Such mito-nuclear
incongruence has been reported in Asian
elephants, African savanna elephants,
African forest elephants, and the extinct
Columbian mammoth [14]. The report by
Palkopoulou et al. [9] that Eurasian woolly9, 2015 ª2015 Elsevier Ltd All rights reservedmammoths also displayed mito-nuclear
incongruence establishes that, in every
one of three living and two extinct species
of elephantids examined, the normal
phylogeographic pattern is for mtDNA
to be oddly discordant with morphology
or with nuclear genetic structure [14–17].
Could the mito-nuclear discordance
detected in mammoths provide an insight
relevant to conservation strategies for
living elephants? Savanna and forest
African elephants are morphologically
distinct [18], diverged 5.5 million years
ago [1], and little or no nuclear gene flow
occurs between them [14]. Yet, because
their mtDNA patterns were oddly
discordant, there was an initial reluctance
to embrace the obvious conclusion that
they form distinct species [14]. The
International Union for the Conservation
of Nature (IUCN), a leading force in
elephant conservation, has for twelve
years emphatically insisted that
recognition of the African forest
elephant as a distinct species would be
‘‘premature’’ [19]. In 2004, the IUCN
upgraded the status of the ‘‘single
species’’ from ‘endangered’ to
‘vulnerable’ [19] even as the poaching
of forest elephant populations in Central
and West Africa cut their numbers by
62% between 2002 and 2011 [20]. The
latest IUCN report for the elephant
populations in Central and West Africa
notes that ongoing increases in Southern
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the magnitude of any likely declines in the
other two regions’’ [19]. It fails to mention
that growing Southern and Eastern
African populations of savanna elephants
belong to a species that is as divergent
from the Central and West African forest
elephant populations being decimated as
woolly mammoths were from Asian
elephants [1,2,14]. Will the IUCN continue
to turn a blind eye as an elephant species
in the tropical forests of West and Central
Africa follows the woolly mammoth to
extinction?
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A widely-viewed image of a dress elicits striking individual variation in colour perception. Experiments with
multiple variants of the image suggest that the individual differences may arise through the action of visual
mechanisms that normally stabilise object colour.At the end of February 2015, a
photograph of a dress went viral on the
internet. Around the world, people
disagreed on its colour: some said it was
‘‘blue and black’’ while others insisted on
‘‘white and gold’’. The strident dispute
aroused a media frenzy. To the generalpublic, it seemed a revelation that
perception is subjective, and that what we
see need not match objective reality. To
the vision science community, #thedress
presented the challenge of how to explain
the individual differences. Three short
communications [1–3] in this issue ofCurrent Biology now confirm the variation
in reported dress colours and explore
ways to modulate it. The authors of these
communications suggest that the
individual differences in colour perception
elicited by the dress may originate with
the action of visual mechanisms that2015 Elsevier Ltd All rights reserved R551
